Autologous therapies using adipose-derived stromal vascular fraction (AD-SVFs) and adult adipose-derived mesenchymal stem cells (AD-MSCs) warrant careful preparation of the harvested adipose tissue. Currently, no standardized technique for this preparation exists. Processing quantitative standards (PQSs) define manufacturing quantitative variables (such as time, volume, and pressure). Processing qualitative standards (PQLSs) define the quality of the materials and methods in manufacturing. The purpose of the review was to use PQSs and PQLSs to report the in vivo and in vitro results obtained by different processing kits that use different procedures (enzymatic vs. non-enzymatic) to isolate human AD-SVFs/AD-MSCs. PQSs included the volume of fat tissue harvested and reagents used, the time/gravity of centrifugation, and the time, temperature, and tilt level/speed of incubation and/or centrifugation. PQLSs included the use of a collagenase, a processing time of 30 min, kit weight, transparency of the kit components, the maintenance of a closed sterile processing environment, and the use of a small centrifuge and incubating rocker. Using a kit with the PQSs and PQLSs described in this study enables the isolation of AD-MSCs that meet the consensus quality criteria. As the discovery of new critical quality attributes (CQAs) of AD-MSCs evolve with respect to purity and potency, adjustments to these benchmark PQSs and PQLs will hopefully isolate AD-MSCs of various CQAs with greater reproducibility, quality, and safety. Confirmatory studies will no doubt need to be completed.
Introduction
Surgical procedures using autologous cell based approaches that include harvesting, minimal manipulation, and immediate transplant as a one-step process open the doors to tremendous possibilities PQSs are metrics used to standardize manufacturing quantitative variables such as time, volume, and pressure. PQLSs are metrics used to standardize the quality of the materials and methods of manufacturing. PQSs and PQLSs help determine the quantity and quality of manufactured products while improving manufacturing reproducibility.
The objective of this review was to compare a collagenase-based procedure with a minimal-manipulation based technique using centrifugation and filtration by using PQSs and PQLSs to isolate AD-SVFs and their AD-MSC subpopulations from freshly harvested FT. To conform with the manufacturing PQSs and PQLSs, both these procedures employ a closed preparation system (the "System") in the form of a kit (the "Kit"). The preparation system includes a kit as well as ancillary devices that include a small centrifuge and incubating rocker. Targeted PQSs included the volumes of lipoaspirate and reagents, the time and gravity of centrifugation, and the time, temperature, tilt level, and tilt speed of incubation. Targeted PQLSs included the use of a CGMP collagenase, a processing time of 30 min or less, kit content weight of 2 lbs. or less, the maintenance of a continuously closed sterile processing environment, and the use of a small centrifuge and incubating rocker configured by the manufacturers for use with the kit.
European and FDA Regulations Regarding the Application of AD-SVFs and AD-MSCs
The EMA and FDA consider cell products as biological entities that are split into two sets. The first consists of those with minimal manipulation and the second are those that are significantly manipulated. Law number 1394/2007 of the European Parliament (EP) for cutting-edge procedures defines "bio-process engineering products", which sets aside anything containing or specifically made of cells and tissues, either human or animal, that is non-vital in nature and has no immunologic, pharmacologic, or metabolic activity. Included amongst the advanced therapy pharmaceutical products are ones used for gene and somatic cell treatment (Directive 2001/83/EP, Annex I). Cells and tissues are to be viewed as products of the bio-process engineering in the event that they" experience "extensive manipulation".
The rule itself is a contrast between the two types of manipulation under discussion. Manipulations that are typically not seen as having undergone bio-process engineering will typically include forming, granulating, cutting, purification, centrifugation, nitrification, absorption of antimicrobial or antitoxin arrangements, cleansing, partition, and lyophilization.
"The definition of drugs for advanced therapy excludes non-repetitive preparations finished as per doctor's supervision, in terms of them implementing a single remedy for a product meant for a particular patient, whereby they do not disregard important standards pertaining to security and quality. With the introduction of Article 17 of Law number 1394/2007 (the Advanced Therapy Medicinal Products (ATMPs) Regulation), applicants are required to approach the Committee for Advanced Therapies (CAT) with a proposal for the arrangement of ATMPs.
ATMP characterizations rely on the evaluation of how the product justifies the different elements of GTMP (i.e., gene therapy medicinal products), TEPs (i.e., tissue-engineered products), and sCTPMPs (i.e., somatic cell therapy medicinal products). The discussion also looks at whether the product can live up to a consolidated ATMP's definition. Furthermore, it is acknowledged that given the dynamic nature of the products in question, the limited information bundle at the start of the improvement process, alongside the speedy evolution of innovation and science, could lead to off-the-fringe inquiries.
EMA/CAT Suggestions on Minimal Manipulation
In agreement with the reflection paper EMA/CAT/600280/2010 Rev 1, 20 June 2014, by the CAT, Line 10, according to which "a similar basic capacity for a cell populace implies that the cells, when expelled from their unique condition in the human body are used to maintain the original capacity in a similar anatomical or histological condition", it is possible to presume that autologous use in a one-step medical procedure, minimal manipulation, omo-functional application "used for an indistinguishable fundamental capacity in the beneficiary as in the donor,", and manipulation performed through devices in aseptic conditions (operatory room) would be conditions that do not require the rule's application of good manufacturing practice (GMP) for preparation, good clinical practices (GCP) for clinical use, or ethical committee underwriting.
Cell Identity
AD-SVFs and AD-MSCs were documented by the International Federation for Adipose Therapeutics and Science (IFATS) in combination with the International Society for Cellular Therapy (ISCT) for the purpose of providing a standard that various research groups could follow. The two societies developed a document of identification for both AD-MSCs and AD-SVFs, where the literature was summarized so that it could be altered when new information, results, and data come to light through ongoing clinical work. As per the declaration, cells needed a viability of ≥ 70% and ≥ 90% for AD-SVF and AD-MSC, respectively. Percentage of stromal progenitors evaluated with a fibroblast colony forming unit assay (CFU-F) is expected to be ≥1% for AD-SVFs and ≥5% for AD-MSCs. The AD-SVFs' identity, phenotype, and functional characteristics of adipose-derived cellular fractions were considered closely related to the adipose microenvironment and identified through a typical marker profile. In detail, the AD-SVFs immunophenotype should display the following typical marker profile for stromal cells: CD44, CD73, CD13, CD90, CD29 positive (≥40%), and CD34 positive (≥20%), but CD31 (≤20%), and CD45 negative (≤50%). In contrast, AD-MSCs should be positive for CD29, CD13, CD44, CD90, CD73, and CD105 (>80%), but negative for CD31, CD45, and CD235a (≤2%). In addition, AD-MSCs are expected to have the potentiality to differentiate into the osteogenic, chondrogenic, and adipogenic lineage. The differentiation capacity can be evaluated by histological staining like Alizarin red or von Kossa for osteogenic differentiation, Alcian Blue, or Safranin O for chondrogenic differentiation and Oil red O or Nile red for adipogenic differentiation [2] .
Methods of AD-SVF Isolation

Enzymatic Versus Non-Enzymatic Digestion of Fat Tissue to Obtain AD-SVFs
Enzymatic digestion of FT is the most used isolation method to obtain AD-SVFs. "Typically, collagenase, dispase, or trypsin are used for the digestion of FT [2] . Even though the techniques for the isolation of said cells are fairly diverse, they still stick to a standard process. The lack of proper quantification has to do with the different of steps of the washing, centrifugation parameters, enzyme concentration levels, erythrocyte lysis techniques alongside filtration, and finally, the conditions that the cultures are subjected to [3] [4] [5] [6] [7] [8] [9] [10] [11] . If the tissue in question is washed and subsequently put through enzymatic digestion, the cells that are split through centrifugation from mature adipocytes produce enzymes and oil solution. "Frequently used collagenases are type I and type II [8, 11, 12] . GMP degree collagenases are produced through recombinant bacteria and typically are provided in lyophilized form. Enzyme concentrations, expressed as weight per volume percent (w/v), have been reported in the literature with a range from 0.075% (w/v) to 0.3% (w/v) [7] . An erythrocyte lysis phase was commonly included to get rid of erythrocyte contamination. Performing an additional washing phase, the AD-SVFs suspension was either cultured or cryopreserved in expansion medium. The plastic-adherent cell fraction including AD-MSCs can be obtained after passaging or cryopreservation, or further cultivated for expansion for a more homogeneous AD-MSC population. As the application of enzymes is characterized by high costs and might have an impact on safety [5] and efficacy [13, 14] , several physicians and researchers have focused on non-enzymatic procedures using centrifugation, filtration, and micro-fragmentation. Mechanical procedures like centrifugation, filtration, and micro-fragmentation replaced the enzymatic digestion to isolate AD-SVFs and AD-MSCs. However, similar to the enzymatic procedures, the range of protocols for the non-enzymatic procedures also showed high variations.
Procedures, Kit, and Systems Based on Enzymatic Digestion
Aesthetic surgery-based experiences have shown that transferring autologous fat is helpful and will aid in short-acting fillers [15, 16] . However, their use can lead to significant problems including necrosis and fat graft resorption. In order to augment the retained percentage of fat grafts reducing the percentage of necrosis, angiogenesis is needed for nutrition and incorporation within the surrounding tissue. Further implementation of AD-SVFs and AD-MSCs can get rid of issues such as necrosis and fat resorption through an improvement of angiogenesis. Cell-assisted lipotransfer (CAL) can lead to a fall in postoperative atrophy and augment neovascularization [17] [18] [19] [20] [21] [22] [23] . Automatic devices can aid in standardizing the isolation process by ensuring that the process is sterile. In effect, many firms and research labs have begun creating automatic equipment to take up a part, or in some cases, the entire cell isolation. Some of the pieces of equipment were created to enrich FT for autologous grafts during regenerative plastic surgery and later improved for the isolation of cell fractions.
The following kits and systems focus on automatic AD-SVF isolation by collagenase based digestion: Celution ® 800-CRS and 820-CRS (Cytori Therapeutics-Inc., San Diego, USA); STEM-X™ (Medikan International-Inc., Seul, Korea); Beauty Cell (N-Biotek-Inc., South Korea); GID SVF-1™ (GID Group-Inc., Louisville, KY, USA); HuriCell (Hurim-BioCell, Co. Ltd., South Korea); AdiStem™ Small/Large Kit and AdiLight (AdiStem-Pty Ltd., China); Sepax 2 (Biosafe-Group SA, Switzerland); Cellthera Kit I and II and Method for isolation of SVFs (Cellthera s.r.o., Czech Republic); A-Stromal™ kit (Cellular-Bio-medicine Group Inc., Cellular-Biomedicine Group HK, Ltd., New York, USA); Sceldis ® (ED-Co. Ltd. and Purebiotech Co. Ltd., South Korea, Medica Group, United Arab Emirates); automated systems and methods for isolating regenerative cells from FT (General Electric-Company, Boston, MA, USA); apparatus and methods for cells isolation (Ingeneron-Inc., Houston, TX, USA); UNISTATION™ (Neo-Genesis-Co. Ltd., South Korea), CHA STATION™ and Multi Station (PNC-International Co. Ltd., South Korea-PNC); CID300 (SNJ-Co. Ltd., South Korea-TOPMED-CO. LTD., South Korea); Stempeutron™ (Stempeutics-Research Pvt. Ltd., Indiaclos Tissue Genesis Icellator Cell Isolation System) and Hand-held micro-liposuction adipose harvester, processor, and cell concentrator (Tissue Genesis-Inc., Honolulu, USA).
Procedures, Kit, and Systems Based on Non-Enzymatic Digestion
An alternative to collagenases and enzymatic digestion is represented by mechanical procedures based on non-enzymatic digestion like centrifugation and filtration.
Mechanical kits and systems commonly used for harvesting and purifying FT containing endothelial cells include: Fastkit (CORIOS-Soc.-Coop., Italy); LipiVage™ (Genesis-Biosystems-Inc., Lewisville, TX, USA); Lipogems ® (Lipogems-International-S.p.A., Italy); Lipo-Kit GT (Medikan-International-Inc., Seul, Korea); StromaCell™ (Micro-Aire-Surgical Instruments, LLC, Charlottesville, VA, USA); MyStem ® (MyStem-LLC, United States); and Revolve™/GID 700™ (Life-Cell Corporation, United States, GID Group-Inc., Branchburg, NJ, USA).
Several other non-enzymatic kits and/or procedures aimed at the isolation of ASCs and to obtain SVFs are reported below: Method to obtain AD-SVFs (Agency-Science, Tech & Res, China); procedure and device for separating adult stem cells from fatty tissue and device for separating adult stem cells (Human-Med AG, Germany); ultrasonic cavitation derived stromal or mesenchymal vascular extracts and cells derived there from obtained from FT and use thereof and isolation of AD-SVFs (Intelli-Cell-BioSciences-Inc., New Yor, NY, USA); non-enzymatic method for isolating human AD-MSCs (Pennington-Biomedical-Research Center, Baton Rouge, LA, USA); isolation of stem cells from FT by ultrasonic cavitation and methods of use (Rusty-Property-Holdings Pty Ltd., Australia, Amberdale-Enterprises Pty Ltd.,); and selective lysing of cells using ultrasound (Solta-Medical, Inc., Hayward, CA, USA).
Due to evolution in the market, some of the kits/devices/society names might have modified.
In Vitro/In Vivo Evaluation of AD-SVFs
In Vitro/In Vivo Evaluation of AD-SVFs and AD-MSCs Obtained from Devices/Procedures Based on Enzymatic Digestion
Many of the kits, devices, and procedures reported have undergone testing in both pre-clinical and clinical research settings. Moreover, additional papers have also focused on implementing different systems to isolate cells. Some of these have reported that AD-SVFs were isolated with the AdiStem™ cell isolation kit in combination with PRP (i.e., platelet-rich plasma) and then added to NOD/SCID nude mice, producing joint regeneration [24] . In this case, the cells obtained by AdiStem™ were activated with AdiLight (photo-bio-stimulator) with a total viable cell number of 12 Å~10 6 / mL fat compared to a standard isolation procedure with 10 Å~10 6 cells/mL fat [25] . AD-SVFs activated with this procedure were endobronchially infused in patients affected by idiopathic pulmonary fibrosis (IPF), obtaining a marginal improvement of walking and forced vital capacity [26] . Another study on this procedure used AD-SVF infusion in IPF patients with no deterioration in functional parameters and quality of life [27] . An important paper was published by Michalek et al. [28] where 1128 patients affected by osteoarthritis were treated by injecting AD-SVFs, obtained with Cellthera kits, into the joint, showing pain and movement improvements.
Enzymatic digestion of FT with the Celution ® 800/CRS system exhibited a cell number of 2.95 × 10 5 cells/mL with a viability of 86.6% [29] . In a study where different kit and systems were compared, the Celution ® 800-CRS system demonstrated the highest cell yield (2.41 × 10 5 cells/g) when compared to Multi-Station (1.07 × 10 5 cells/g), Lipo-Kit GT (0.35 × 10 5 cells/g), and CHA STATION™ (0.05 × 10 5 cells/g) [30] . SVFs-enhanced fat graft obtained by the Celution ® system resulted in a reduction of fat resorption, increasing the angiogenesis in nude mice [31] . Autologous AD-SVFs isolated with the same procedure improved hand disability by reducing pain in systemic sclerosis [32] and when transurethrally infiltrated, resulted in a reduction of male stress urinary incontinence [33] . AD-SVF-enhanced fat graft injections with the Celution ® system improved breast contour in a clinical trial for breast conservation therapy (BCT) [34] . SVFs obtained by GID SVF-1™ were 7.19 ± 2.11 × 10 5 nucleated cells/mL of dry FT. The cells number was influenced by the patient's age, decreasing with increasing age [35] . AD-SVFs derived by the Sceldis ® device were mixed with PRP, hyaluronic acid, and CaCl 2+ and used to treat knee pain due to meniscus tear [36, 37] . The method of Khan et al. resulted in a~6 × 10 5 cells/mL (66% viability) for donor 1 and~1 × 10 6 cells/mL (51% viability) for donor 2 [38] . Cells obtained by the HuriCell device were used in a pre-clinical model of focal cerebral ischemia, displaying neuro-protective effects [39] . Stubbers and Coleman [40] created a procedure for cell isolation yielding 4.9 × 10 6 -24.7 × 10 6 total nucleated cells/100 g fat harvested. AD-SVF-enhanced fat graft, obtained by the Tissue Genesis Icellator Cell Isolation system, were used for face and breast augmentation or reconstruction [41] . In another study aimed to isolate AD-SVFs, Domenis et al. [42] analyzed three different kits (Lipo-Kit, Celution ® , and Fastem). In this study, AD-SVF-enhanced fat grafts obtained with these procedures increased thickness and long-term maintenance of fat grafts in patients treated for outcomes of breast reconstruction when compared to not-enhanced fat grafting. However, the Fastem kit, based on the centrifugation and mechanical filtration of fat collected, was less effective in stem cell enrichment when compared to the enzymatic devices Lipo-Kit and Celution ® .
In Vitro/In Vivo Evaluation of AD-SVFs and AD-MSCs Obtained from Devices/Procedures Based on non-Enzymatic Digestion
Filtration, washing, and purification of FT adopting Puregraft ® displayed augmented tissue viability and reduced quantity of red blood cells, free lipids, and contaminants when compared to other fat grafts [43, 44] . FT washed and purified through GID 700™ exhibited significantly reduced amounts of lactate dehydrogenase, triglycerides, and hematocrit maintaining the adipose graft osmolarity [45] . AD-SVFs obtained by the harvesting and filtration device LipiVage™ displayed endothelial and mesenchymal progenitor cells, maintaining their differentiation capacity when used as fibrin spray [46] . LipiVage™ produced a higher number of adipocytes and sustained a higher level of intracellular enzyme (glycerol-3-phophatase dehydrogenase (G3PDH)) activity within fat grafts [47] . A study by Bianchi et al. [48] reported that cells obtained from Lipogems ® displayed a significantly higher concentration of mature pericytes, AD-MSCs, exosomes, and a lower quantity of hematopoietic cells when compared to isolated cells with enzymatic digestion [49] . In addition, this system showed paracrine and arteriogenic functions for the rescue of ischemic limb [50] .
Compared to AD-MSCs isolated with enzymatic digestion (Table 1) , the cells obtained by this procedure improved efficient direct multi-lineage reprogramming in human skin fibroblasts when exposed to a radio electric asymmetric conveyer (REAC) [51] . FT collected and micro-fragmented with this system produced a better mesenchymal stem cell amount when compared to fat harvested and not processed without modification of the structural composition of the same fat [52] . In orthognatic surgery, it reduced post-operative pain and swelling, improving the aesthetic results [53] ; it improved the osteointegration, stability and healing of the implants in newly formed bone [54] and improved fecal incontinence symptoms [55] .
An interesting system for harvesting and homogenizing FT for endothelial cells was described by Hu et al. [56] obtaining 1.12-2.13 Å~106 cells larger than 7.8 µm from 1 g of FT after enzymatic isolation of the non-enzymatic isolated cells. A great number of micro-vascular endothelial cells may be harvested using a cannula with cutting-edges to disrupt the connective tissue. Victor created a procedure that aimed to isolate AD-SVFs by applying ultrasonic cavitation and yielding 1.67-2.24 Å~107 cells with a viability of 97.1-98.9% [57] . Bright et al. [58] promoted the dissociation of FT by lysing mature adipocytes by applying ultrasonic cavitation with a yield of about 2-4 million cells/1 g fat. Many studies [36, 37] have concluded in favor of intra-articular AD-SVF infiltration in people affected by osteoarthritis (knee, hip), with intra-venous AD-SVFs favored for rheumatoid osteoarthritis; the latter promoting improvement in pain, stiffness, and physical function. People affected by chronic migraine experienced a reduction in frequency and severity of migraines after systemic infusion of AD-SVFs obtained by the ultrasonic cavitation protocol [59] . Schafer [60] , focused on the possibility of isolating fat derived cells using ultrasonic energy/acoustic standing waves, ultimately producing small (<50 µm), but more vital pre-adipocytes and stimulating angiogenesis. Gimble et al. [61] suggested an interesting and simple procedure based on the shaking and washing of fat and related AD-MSCs and AD-SVFs. Their process yielded 2.5 Å~106 cells per 100 mL fat, and maintained a high osteogenic and adipogenic differentiation capacity as compared to a classic enzymatic digestion procedure. Table 1 . Comparative analysis of the results obtained with enzymatic and non-enzymatic procedures.
Procedure
Method Field Yield References
AdiStem™ cell isolation kit in combination with PRP (i.e., platelet-rich plasma) Enzymatic Joint regeneration 12 Å~10 6 /mL fat (versus standard isolation procedure 10 Å~10 6 cells/mL fat) [24, 25] Endobronchially infusion in human patients affected by idiopathic pulmonary fibrosis (IPF) [26, 27] Celution ® 800/CRS system Enzymatic Reduction of fat resorption, increasing the angiogenesis 2.95 × 10 5 cells/mL with a viability of 86.6% [29, 31] Improving hand disability, reducing pain in systemic sclerosis [32] Transurethrally infiltrated, resulted in reduction of male stress urinary incontinence [33] Improving breast contour [34] Outcomes of breast reconstruction [42, 62] -2.41 × 10 5 cells/g [30] Multi-Station Enzymatic 1.07 × 10 5 cells/g [30] Lipo-Kit GT Enzymatic Outcomes of breast reconstruction 0.35 × 10 5 cells/g [30, 42] CHA STATION™ Enzymatic 0.05 × 10 5 cells/g [30] GID SVF-1™ Enzymatic 7.19 ± 2.11 × 10 5 cells/mL [35] Sceldis ® device in combination with PRP, hyaluronic acid, and CaCl 2+ Enzymatic Treatment of knee pain [36, 37] Method of Khan et al. Enzymatic~6
× 10 5 cells/mL (66 % viability) versus~1 × 10 6 cells/mL (51% viability) [38] HuriCell device Enzymatic Pre-clinical model of focal cerebral ischemia treatment, displaying neuro-protective effects [39] Stubbers and Coleman procedure Enzymatic 4.9 × 10 6 -24.7 × 10 6 cells/100 g [40] Tissue Genesis Icellator Cell Isolation System Enzymatic Face and breast augmentation or reconstruction [41] Puregraft ® Filtration, washing and purification [43, 44] Revolve™ Filtration, washing and purification -
GID 700™
Washing and purification Significant reduction amounts of lactate dehydrogenase, triglycerides and hematocrit maintaining the adipose graft osmolarity [45] LipiVage™ Purification, Filtration
Endothelial and mesenchymal progenitor cells maintaining their differentiation capacity when used as fibrin spray [46] High number of adipocytes and a high level of intracellular enzyme (glycerol-3-phophatase dehydrogenase (G3PDH) [47] Higher concentration of mature pericytes, AD-MSCs, exosomes and lower quantity of hematopoietic cells [48, 49, 52] Paracrine and arteriogenic functions for the rescue of ischemic limb [50] Improved efficient direct multi-lineage reprogramming in human skin fibroblasts [51] Orthognatic surgery [53] Osteointegration [54] Fecal incontinence's symptoms [55] System for endothelial cells of Hu 
AD-SVFs, AD-MSCs, and Cancer Relationship
AD-MSCs were in use long before their characterization as part of the fat grafting technique first described by Coleman in 1997 [63] .
In fact, the injection of AD-SVFs-enhanced or AD-SVFs-not-enhanced fat injection is the most common procedure in post-oncologic breast reconstruction; with 62% of a surveyed 2584 American surgeons declaring that they regularly use fat grafting for this specific purpose [64] . In the last few years, AD-MSC-oriented solutions have been trialed and implemented in various clinical setups, oncological and otherwise, including chronic ischemic cardiomyopathy, inflammatory bowel disease, reconstruction for sarcoma of the soft tissues, rheumatoid arthritis, graft versus host disease, and others [65] [66] [67] [68] .
Alongside the potential of AD-MSCs as a therapeutic agent, there exists the possibility that they could possess a pro-oncogenic risk. A good amount of evidence now highlights obesity as a serious oncological risk factor; moreover, peri-tumor adipose tissue and its related progenitor cells are also seen as risk factors [69] . "Even though in many clinical studies AD-MSC has not been linked to an augmented risk of loco-regional or far cancer recurrence, there is no conclusive evidence or consensus medical opinion with regard to its safety yet. This notwithstanding, the link between it and cancer has been investigated thoroughly through preclinical models [70] .
Furthermore, they may perform a function in promoting the growth of tumors, metastatic potential, and invasiveness through different pathways. Their proangiogenic function though the release of chemokines and growth factors such as PDGF, VEGF, and c-kit promote endothelial cell proliferation and a cancer-supporting vascular network development [71] [72] [73] . Moreover, AD-MSCs have immunomodulating proprieties mediated by TGF-β1, HGF, IDO, and INF-γ that impair immune-mediated responses to tumor [73] [74] [75] [76] [77] [78] . They also have the capacity to induce cell proliferation in the cell line MCF-7/ADR (a multidrug-resistant breast cancer cell model) and drug resistance through C-terminal Src kinase (Csk)-binding protein (Cbp) expression [79] .
The transition from epithelial to mesenchymal (EMT) has been reported as a fundamental passage in cancer growth and its evolution toward a metastatic and more invasive phenotype [80] . To this end, AD-MSCs may promote EMT in cells of breast cancer (BC) through several pathways, particularly acting through PI3K/AKT signaling and p38 MAP kinase [81, 82] , or alternatively by overexpressing leptin, as identified by AD-MSCs coming from patients affected by obesity [83] . Additionally, the inhibition of Wnt signaling into cancer-associated fibroblasts has been reported to produce AD-MSCs transformation by BC-derived factors [84, 85] . Myofibroblastic differentiation was also observed in AD-MSCs exposed to exosomes of BC for the induction of TGF-β signaling, [85] and AD-MSC are themselves able to secrete exosomes, inducing breast cancer cells (BCCs) migration mediated by Wnt-signaling [86] .
The involvement of AD-MSCs into the neoplastic microenvironment has been regarded as controversial, as it is not limited to near cells. This phenomenon may be explained by the ability of tumor cells, its stroma, and inflammatory cells to release agents such as SDF-1 and MCP-1, which stimulate AD-MSC homing and migration to a cancer micro-environment [87] .
A higher quantity of circulating AD-MSCs was identified in people with obesity affected by colo-rectal tumor, prostate tumor, and BC [88] [89] [90] .
In another context, MSCs can be utilized as a Trojan Horse, exploiting their tumor-homing facets to deliver therapeutic anti-neoplastic agents directly to the tumor environment. AD-MSCs have undergone testing as vectors for many new solutions to cancer including micro-RNAs, drug-loaded nanoparticles, viral vectors, and others [91] .
AD-MSCs present several benefits in comparison to other MSCs. Their harvesting is not invasive, and can produce a cell yield that is more than 1000-fold higher than cord-blood MSCs and bone-marrow MSCs [92, 93] . In addition, they have demonstrated a higher proliferative capacity, longer life-span, and shorter doubling time and in vitro senescence when compared to bone-marrow MSCs [94] . This MSC-cancer interplay is characteristic of AD-MSCs, which has gained notoriety as a "double edged sword" in the contemporary medical community, in light of its various positive and negative aspects [95, 96] .
Adipose Microenvironment, Obesity Relationship, and Breast Cancer Modulation
As introduced previously, higher quantities of circulating AD-MSCs were identified in people affected by obesity [88] [89] [90] . Obesity is related with the growth of many cancer types like BC [97] . Adipocytes, a major cellular component in FT with a crucial role in maintaining the energy balance, are dysfunctional in people with obesity, promoting BC growth [97] . Dysfunctional adipocytes may secrete metabolic substrates as cytokines and adipokines that boost proliferation, progression, invasion, and migration of BCCs, altering gene expression profiles, inducing inflammation, and hypoxia inhibiting apoptosis. Additionally, it is known that excessive cholesterol, free fatty acids (FFAs), hormones, triglycerides, interleukins, leptin, and chemokines may boost the development of BC [97] .
Accumulated fatty acids are absorbed directly by the cancers and create power for their growth through β-oxidation, representing the biggest source of ATP in the cancer. FFAs promote BC growth activating the EGF receptor, GTP-binding protein, and protein kinase C pathway [98] , controlling cell proliferation via phosphatidylinositol 3-kinase (PI3K) [99] , cell migration through FFAs receptor 1 and 4, and the activation of AKT pathway [100] .
In people with obesity, a higher amount of cholesterol is detectable. However, the role of total cholesterol (TC) or high-density lipoprotein (HDL) and low-density lipoprotein (LDL) in BC development is not clear. A meta-analysis has displayed an inverse relationship between TC and HDL to the risk of BC development [101] . Both LDL and very-low-density lipoprotein (VLDL) exposure stimulates the development, migration, and invasion of BCCs through activation of the PIK3/AKT pathways, especially VLDL, which stimulate lung metastasis and cancer cells angiogenic activity [102] .
Additionally, adipocyte exosomes contain proteins connected to fatty acid oxidation (FAO) [103] . Obesity boost exosomes that modulate FAO, thereby contributing to cancer diffusion [103] . Supplementary studies have also displayed that microRNAs released from adipose exosomes may promote BC growth and related invasion capability [104] . A total of 98 miRNAs secreted by adipose exosomes has been identified and among of these, miR-3184-5p seems to be the most upregulated, whereas miR-181c-3p seems to be the most downregulated for BC. Both focus on PPARα and FOXP4 [104] . Eight miRNAs are associated with BMI level and miR-191-5p, and miR-17-5p has been identified as involved in cancer development. In a detailed view, miR-191-5p upregulated 17β-estradiol protected ERα-positive tumors against apoptosis. miR-17-5p was inversely associated with inflammatory cytokines, resulting in the suppression of cancer growth. Recently, it has been reported that miR-144 and miR-126 secreted by adipocytes induced brown differentiation and cancer development [105] .
The matrix metalloproteinases (MMPs) family are known to play a crucial role in the invasion and metastasis of cancer cells. MMP-9, MMP-11, and MMP13 are highly prevalent in BC; MMP-9 presents a direct relationship to brain metastases in patients affected by BC [106] [107] [108] while MMP-11 and MMP13 are promising markers that may be a novel target for the treatment of these patients [109] .
Additionally, obesity is involved in BC development through the release of some adipokines, identified as "released hormones" represented by adiponectin, leptin, estrogen, and insulin [97] .
Interestingly, adiponectin is the only adipokine to display anti-cancer properties. Moreover, adipocytes are also correlated to chemotherapeutic resistance, resulting in the poorer outcome of treatment. Analysis of the levels of the soluble factors secreted by adipocytes can therefore be useful for the prognosis and evaluation of the effectiveness of cancer therapy [97] .
Hyperinsulinemia is related to lower IGF-1 expression and aromatase activity, resulting in poor prognosis. Additionally, obesity promotes an inflammatory microenvironment through adipocyte-released cytokines, which facilitates cancer cell progression. Leptin, an adipokine, is strongly concentrated in people with obesity. Leptin promotes BC growth [110, 111] , acting directly on its receptors, leading to inflammation in the adipocyte microenvironment and increasing the risk of metastatic potential [112] . The activation of the leptin receptor stimulates downstream ERK1/2, AP1, STAT3, PI3K, and MAPK pathways [97] . In addition, leptin also boosts cancer growth/migration via VEGF signaling and HIF-1α stabilization, which induces hypoxia condition in tumors [97] .
As briefly introduced before, white FT may produce estrogen through aromatase, which is the most important enzyme for estrogen synthesis in obese post-menopausal females. High levels of estrogen into the breast boost cancer development and metastasis, acting on the ER-membrane pathway including GPCR-like protein, G proteins, MAPK/ERK, and the PI3K/AKT pathway [113] . These pathways contribute to the proliferation and survival of BC via increasing Bcl-2, cyclin D1, and the number of G0/G1 cells [97, 113] .
Additionally, adipocytes may also release several cytokines to regulate the surrounding cells and itself. In vitro co-culture of adipocytes and BCCs resulted in the release of cytokines into the culture supernatant. The outcomes displayed that five (IL6, IL8, IFNγ-inducible protein 10, CCL2, and CCL5) out of 200 cytokines, were significantly increased after one-week of culture, showing immature adipocytes with higher cytokine release potential than mature adipocytes. Cytokines, produced by immature adipocytes, have been shown to ease the cancer starting process and metastasis in BC [114] . Research focused on the follow-up of 534 patients demonstrated that IL6, IL8, and IL10 can be considered as poor prognosis indicators in BC [115] . Many further studies have also emphasized IL6, IL8, CCL2, and CCL5 as promoters of the survival, proliferation, and invasion of BCCs [116, 117] .
Interestingly, cancer cells may regulate lipidation and lipolysis in adipocytes aiming to provide power and nutrients for cancer growth. Therefore, body weight control in menopausal females should be considered necessary to reduce the BC risk. Given this, a fuller understanding about the functions of adipocytes as well as obesity in BC might reveal novel targets that support the development of new anti-tumor therapy.
Oncological Safety of AD-MSCs-Based Therapies
As mentioned previously, many in vitro and in vivo results linked to AD-MSCs demonstrate a shift in the cancer to a more aggressive and invasive phenotype, with regard to an augmented rate of tumor cell proliferation [70] . "While the laboratory data point to AD-MSCs in a pro-carcinogenic role, human clinical studies have yet to confirm the findings of said laboratory studies [62] . Considerable availability, less mobility on the donor site, and fast and uncomplicated harvesting are the most beneficial characteristics exhibited by AD-MSCs versus other types of MSCs; appearing in this way as a useful tool in several neoplastic and non-neoplastic clinical settings [118] . Their capacity to differentiate in several cell types, and additionally stimulate angiogenesis, make them particularly suitable to be used in radiotherapy outcomes and in soft tissue damaged by oncological procedures [119] .
The applications of AD-MSC-based therapy have been studied and reported in many oncologic settings, ranging from radiotherapy induced xerostomia [120] to osteosarcoma damage [121, 122] ; soft tissue reconstruction after sarcoma resection, and laser assisted pulmonary metastasectomy [123] . Most of these include initial singular center experiences that only come with small numbers, retrospective data, short follow-up times, and a generally questionable quality of evidence. In contrast, in breast reconstruction, fat graft was the most frequently performed surgical procedure in the last 10 years, with utility in multiple clinical situations, for example, outcomes of quadrantectomy or mastectomy [124] .
In an interesting article by Paino et al. [125] , the authors co-cultured either SAOS2 osteosarcoma or MCF7 BCCs with human adipose stem cells (hASCs), with the objective of evaluating in vitro and in vivo effects of cancer cells on hASC differentiation. In this report, they observed that both SAOS2 and MCF7 cell lines promoted an increase in hASCs proliferation when compared to hASC alone, but, surprisingly, no modifications in CD90, CD29, CD324, and vimentin expression. Additionally of note, MCF7 and SAOS2 cells induced in hASCs an increase of CD34 expression and stemness genes represented by Sox2, Nanog, Leptin, and OCT3/4 as well as a reduction of pro-angiogenic factors, represented by VEGF, PDGFRα, PDGFRβ, PDGFα, and CD31. SMAD and pSMAD2/3 increased only in hASCs alone. These outcomes suggest that MSCs, under cancer cell induction, do not differentiate in vitro or facilitate the angiogenesis of the cancer in vivo, opening new scenarios in the relationship between cancer and stem cells.
As known, cancer stem cells (CSCs) play a crucial role in the cancer starting and development process [126] . A given population of CSCs is represented by MSCs that differentiate in meso-dermal cells. Several studies have displayed the MSCs role in the promotion of both pro-tumorigenic or anti-tumorigenic activity [126] . Really, MSCs are conveyed during wound healing process into the area of lesions with the aim to repair the damaged tissues. This process appears to also be correlated with tumorigenesis; for this reason, resident or migrating MSCs may stimulate angiogenesis and cancer development. There is a controversial relationship between MSCs and CSCs since contrasting reports about their respective influences have been reported.
In a review of Papaccio et al. [126] , the authors discussed recent outcomes related to these conflicting results on the influence of normal resident cells and CSCs in cancer development.
"The major part of information related to the oncological safety of AD-MSCs, AD-SVFs, and fat graft application stems from a sub-group of female patients affected by BC. Fat grafting was expanded upon by Coleman in 1997 [63] and has been put into place as a means to achieve aesthetic and reconstructive goals, which includes oncological breast surgery. The American Society of Plastic Surgeons (ASPS), created in 2007, declared in 2009 that there was no risk of malignancy linked with fat grafting [127] . Despite this, during 2011, a meeting between the ASPS and American Society for Aesthetic Plastic Surgery highlighted a possible recurring risk of malignancy associated with autologous lipofilling and AD-MSCs were promoted [128] . In 2015, the ASPS put out a grade B recommendation stating that fat grafting was not behind an augmented local recurrence risk, despite the fact that a strict adherence to radiological follow-up protocols and an adequate disease-free interval was mandatory (https://www.plasticsurgery.org/Documents/Health-Policy/Principles/principle-2015post-mastectomy-fat-grafting.pdf). Many authors have studied the effect of fat graft on local cancer for this reason; exploring the distant recurrence within many different clinical works."
Controversial Aspects
AD-SVFs bear a wide cellular constituency, which includes AD-MSCs. Though certainly far from completely understood, the AD-MSCs remain the only known cell that may differentiate along several tissue lineages; as such, it remains a cell of great importance in the development of regenerative cell therapies and tissue-engineering [3, [129] [130] [131] [132] .
In regenerative plastic surgery, the scientist-surgeon using a system to prepare tissue and isolate cells is viewed by the FDA as an unregulated manufacturer of a biologic. Even when preparing such treatments within the same point-of-care setting, the perspective of the FDA does not change because the same-surgical exemption no longer applies when surgeons or practitioners are "more than minimally manipulating" biomaterials. Therefore, the process of isolating and preparing cells or tissues for regenerative plastic surgery must rely on systems that have been cleared or approved by the FDA for a specific use, not only surgical skill and judgment (i.e., devices cannot be used "off-label").
Though several techniques to isolate AD-SVFs from adipose tissue have been developed over the last two decades, to date no standard method exists. Manual manipulation is one such technique, but even when following a precise protocol, outcomes are largely dependent on personal skill and the equipment being used, which makes it difficult to isolate cells of specific CQAs with consistency.
Without a standardized method and means for isolating an AD-SVF subpopulation with a specific CQA, reproducibly isolating AD-SVFs for targeted regenerative therapies would be difficult, if not simply unreliable. A modular system that can be configured in the form of a variety of point-of-care single-use kits, each of which contains the exact components necessary to conduct a specific protocol, may be best able to provide the standardization that is needed when isolating AD-SVFs and a targeted population of AD-MSCs. Furthermore, with such a system also being modular, it would be possible for it to rapidly accommodate newly discovered CQAs of the AD-MSC target population. Additionally, components of such kits, organized to correlate with each particular protocol, with imposed PQSs and PQLSs may improve the reproducibility of AD-SVF and AD-MSC isolation as well as make possible the standardization of processing biological materials [133] .
This study establishes the kit's functionality and efficacy as designed with PQSs and PQLSs as indicated by the resulting data presented herein.
As end-users (physicians, clinicians, surgeons, and researchers) possess differing skill-set levels, the simple and straightforward use of the kit with inherent PQSs and PQLSs may help reduce variability in the isolation of AD-SVFs and their AD-MSC constituency.
Alternative Methods to the Use of AD-SVFs and AD-MSCs
Fat Graft Enrichment with AD-SVFs and Growth Factor
As described, it is possible to isolate an AD-SVF suspension in liquid form through two different type of procedures: enzymatic digestion and mechanical centrifugation. The suspension obtained may be used alone (only AD-SVFs) or in combination with fat graft (AD-SVFs + Fat graft).
In the latter case, the injection of fat graft enriched with AD-SVFs was reported in a different field of regenerative plastic surgery to wound healing [134] , breast reconstruction [135] [136] [137] [138] [139] [140] [141] [142] [143] [144] , and scars [145] [146] [147] [148] . The biomolecular basis of adipogenic differentiation of AD-MSCs has been reported favoring chondrogenic and osteogenic differentiation [149] [150] [151] [152] [153] . The application of AD-SVF suspension alone or in combination with fat graft was reported for the cure of post-traumatic lower extremity ulcers [154] .
Alternatively, with the aim of tissue regeneration, it is possible to use, with the same constructive effects, autologous growth factors contained in PRP or synthetic-not-autologous-biomaterial known as dermal substitute (DS). In the first case, growth factors are obtained by the centrifugation of autologous blood, collected in the amount of 9-55 mL, with specific instruments as per the transfusional service protocol. The application of autologous PRP has been reported in the loss of substance with bone exposure [155] , in maxillofacial surgery [156] , and in plastic surgery [157] , particularly for hair loss treatment [158] [159] [160] [161] , whereas the use of not-autologous DS has been reported in complex abdominal wall repair [162] .
With regard to the treatment of hair loss, the use of mesenchymal stem cells obtained with minimal manipulation procedures through centrifugation and the mechanical filtration of scalp tissue has been reported recently in the form of autologous cell therapy based on micro-grafts containing human follicle stem cells (HFSCs) with mesenchymal (HF-MSCs) and epithelial (HF-ESCs) cellular sub-population [163] [164] [165] [166] .
Evolution
Since "Substitutive Surgery" to "Regenerative Surgery"
The use of autologous AD-MSCs and AD-SVFs aim to regenerate damaged tissues through their use in isolated suspensions or in combination with the adipose tissue from which they have been derived (enrichment procedures). This stems from the necessity to move from "substitutive surgery", born with transplants, and represented in plastic surgery by the use of osseointegrated implant techniques [167] [168] [169] [170] [171] to "regenerative surgery" with the regeneration of organs and tissues induced through autologous cells or where this is not yet possible, the use of autologous tissue grafts [172] [173] [174] .
Recently, several studies have appeared with increasing frequency with the aim to promote regenerative surgery in different fields such as reported, for example, with the use of human periodontal-ligament stem cells in bone regeneration [175] [176] [177] , widening the horizons of regeneration to hitherto unexplored fields.
In each case, as previously reported, without a standardized method for isolating mesenchymal cells with a specific CQA, regenerative therapies would be difficult if not simply unreliable.
Single-use kits, containing the components necessary to conduct a specific protocol based on minimal manipulation, may be best able to provide the standardization that is needed when isolating AD-SVFs and a targeted population of AD-MSCs. The components of such kits, with imposed PQSs and PQLSs, may improve the reproducibility of AD-SVF and AD-MSC isolation as well as make possible the standardization of processing biological materials.
We are witnessing the definitive sunset of substitutive surgery and, at the same time, we find ourselves at the dawn of regenerative plastic surgery. In both cases, the ambient light is beautiful.
Cells and Tissue-Sources
Adult MSCs may be harvested from many tissues including from FT in different parts of the body (abdomen, hump, lumbar region, thighs, arms), scalp, bone marrow (BM), and peripheral blood. Previously, BM has been widely recognized as a good source for adult MSCs, since the procedure is effortless and quick and due to the availability of several procedure specific devices. One of the primary limits of this intra-operative stem cell (SC) harvesting techniques was the restricted amount of material harvested and the low amount of cells obtained. This resulted in a SC yield frequency per mono-nucleated cell of one in every 10,000 cells to one in every 100,000 cells [178] [179] [180] [181] .
To exceed these issues and to avoid the invasive and painful BM collecting, alternative sources from which to isolate more easily, and in a less invasive way, autologous SCs have been considered.
Between these sources, FT seems to be the most interesting, being able to be collected using a comparatively less invasive technique like liposuction, obtaining larger cellular yields compared to BM, providing a cell population characterized by multi-lineage separation potential [182] . In fact, FT harvest is much easier and less painful for the patient when compared with BM harvesting, where it is necessary to use a trocar to drill through the iliac crest [182] . A few works have displayed differences between SCs obtained from various sources [183] [184] [185] . FT must be considered as a true alternative to BM for intra-operative autologous stem cell-based therapy use on the basis of the expansion potential of the SCs. A limitation of the FT use could be represented by limited or minimal FT amount in thin patients. Really, the high frequency of AD-MSCs (their occurrence is 100 to 300 times higher than in BM, and the number of SCs that can be counted per unit volume of fat collected is approximately 10-fold greater than that from BM) could allow the collection of small FT deposits and, at the same time, be adequate for SC isolation. The donor site area and the surgical technique used to collect FT may affect the cellular yield. For example, FT collected from the abdomen through resection or liposuction yields more SCs in contrast with ultrasound-assisted liposuction and with the FT collected from the hip/thigh district [186] .
For the scalp [163] [164] [165] [166] , as previously mentioned, Gentile et al. developed different procedures to separate human adult adipose-derived follicle SCs (HD-AFSCs), according to minimal manipulation rules, based on the centrifugation of scalp tissue fragments containing FT, dermal, and human hair follicles without cellular expansion or culture. Specifically, the authors reported, for the first time, the outcomes obtained in a hair re-growth study using a "Gentile procedure" [167] that was used to obtain autologous micro-grafts containing human hair follicle MSCs (HF-MSCs) from centrifugation of scalp biopsies, easily accessible for use in patients affected by AGA. The micro-graft units were obtained by the disaggregation of several 2 mm punch biopsies and the selection of a cell populace with a diameter of 80-140 microns.
The clinical use of HD-AFSCs and HF-MSCs to enhance hair re-growth has not been satisfactorily considered.
In their study, the authors displayed the amount of CD44+ cells-HF-MSCs-from the dermal papilla, and the level of CD200+ cells-hair follicle epithelial-SCs-(HF-ESCs) from the bulge, obtained by means of the disaggregation of several punch tests [163] [164] [165] [166] .
In each case, the advantages of AD-MSCs over BM-SCs such as being available and less discomfort during harvest have made them a good alternative instead of BM-SCs in tissue engineering. AD-MSCs from buccal fat pad (BFP), as an easily harvestable and accessible source, have gained interest for use in bone regeneration in the maxillofacial region. In a study by Rezai Rad et al. [167] , AD-MSCs have been isolated from different sites BFP (BFP-AD-MSCs), abdomen (abdomen adipose-derived mesenchymal stem cells (Ab-AD-MSCs), hip (hip adipose-derived mesenchymal stem cells (Hip-AD-MSCs) from one individual, and compared the morphology, surface marker expression, osteogenic differentiation capability, and growth rate.
Among them, BFP-AD-MSCs displayed the highest proliferation rate with the shortest doubling time and also expressed vascular endothelial markers including CD146 and CD34.
Additionally, among them, the expression of osteogenic markers were higher in BFP-AD-MSCs, suggesting that BFP-AD-MSCs may represent an interesting source of MSCs for bone defect treatment tissue engineering [187] .
Another study by Ardeshirylajimi A et al. [188] reported on the potential differences in AD-MSC proliferation properties by comparing aspirates from the abdomen and hump. They reported that AD-MSCs from both the abdominal region and the hump exhibited spindle-shaped and fibroblast-like morphology with hump-derived AD-MSCs, being smaller in size and narrower in overall appearance than abdominal AD-MSCs. Abdominal AD-MSCs required a greater time for proliferation than the hump-derived cells. These results were further confirmed with a tetrazolium-based colorimetric assay (MTT), which displayed a greater cell proliferation rate for hump AD-MSCs than for the abdominal region. This study revealed that AD-MSCs may be obtained from different anatomical regions, although ASCs from the hump fat region may be the ideal stem cell sources for use in cell-based therapies. The fat harvesting site is an important determinant of proliferation and pluripotency of AD-MSCs.
Conclusions
Using a kit with the PQSs and PQLSs described in this study enabled the isolation of AD-MSCs that meet the consensus identity criteria. As the discovery of new CQAs of ASCs evolves with respect to purity and potency, adjustments to these benchmark PQSs and PQLs will hopefully isolate AD-MSCs of various CQAs with greater reproducibility, quality, and safety. Confirmatory studies will need to be completed.
